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On the basis of the electronic structures obtained by ﬁrst-principles calculations, we have studied the
half-metallicity of Fe2CrSi/Fe2VZ systems, where the Heusler compound Fe2CrSi is predicted to be a half-
metallic ferromagnet in its bulk. The present result shows that these systems hold a high spin polari-
zation (larger than 90%) because the interface suppresses a drastic and a harmful change of the electronic
structure from bulk to ﬁlm, which reduced the spin polarization of the ﬁlm.
© 2015 The Author. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Several years ago, Mizutani and coworkers [1e3] predicted that
L21-type Fe2CrSi is a half-metallic (a perfect spin-polarized) ferro-
magnet with 2 mB per formula unit on the basis of ﬁrst-principles
band calculations, where its band structure is characterized as
metallic for one spin state and simultaneously as semiconducting
for another spin state. Up to now, there are several reports on the
synthesis of the modiﬁed compounds such as Fe2Cr1x TixSi [4],
Fe2Cr1x VxSi [5], and Ru2x FexCrSi [6]. Recently, a Heusler alloy
Fe2CrSi was synthesized successfully by Luo and others [7].
In order to investigate the effect of Fe2CrSi surfaces on its elec-
tronic structure, especially its half metallicity, the ﬁrst-principles
calculations for (001), (111), and (110) ﬁlms of Fe2CrSi have been
carried out and the following results for spin polarization (P)
have been reported [8e10]. Here the P is deﬁned as
P ¼ ðDup DdnÞ=ðDupþ DdnÞ, where Dup and Ddn are the density
of states (DOS) at the Fermi energy (EF) for the up-spin and down-
spin states, respectively. (1) For the (100) ﬁlm, a ﬁlmwith a surface
consisting of Si and Cr atoms holds a high spin polarization (nearly
100%), but, in a ﬁlm with a surface consisting of Fe atoms, the spin
polarization decreases drastically from that of the bulk [8]. (2) For
the (111) ﬁlm, a ﬁlm with a surface consisting of Si atoms holds a
perfect spin polarization (100%) and a ﬁlmwith a surface consisting
of Cr or Fe atoms also has a high spin polarization (larger than 90%)
[9]. (3)For the (110) ﬁlm, a ﬁlm is not half-metallic but has a high.V. This is an open access article uspin polarization (P¼ 82%) [10].
From the viewpoint of practical application, for example, the
electronic structure of the interface of a half-metallic material and
an insulator may be crucial. Previously, we performed ﬁrst-
principles calculations on (110) Fe2CrSi/Fe2VAl interface and ob-
tained the result that the value of P is improved up to 96%. In this
study, we will report the results of the ﬁrst-principles calculations
on (100) and (111) interfaces with for Fe2VZ (Z ¼ Al, Ga) semi-
conductors, together with (110) Fe2CrSi/Fe2VGa interface. The
choice for such materials is motivated by the following reasons. A
nonmagnetic state with an energy gap is stabilized for Heusler
Fe2VZ (Z ¼ Al and Ga) [11]. The lattice mismatch between two
compoundsmay be very small (less than 2%) because the estimated
lattice constant is a¼ 5.711 Å for Fe2VAl and a¼ 5.720 Å for Fe2VGa
[11].
Here we make some comments on the electronic structure of
Fe2VAl and Fe2VGa. The above mentioned results are obtained by
the linear mufﬁn-tin orbital atomic sphere approximation (LMTO-
ASA) method [12]. Themore accurate results from the full-potential
linearized augmented plane wave (FLAPW) method showed that
these alloys are not semiconductors but semimetals with a pseu-
dogap at the Fermi level [11]. The estimated lattice constants are
5.714 Å and 5.725 Å for Fe2VAl and Fe2VGa, respectively. These are
consistent with the other results for Fe2VAl [13e16] and Fe2VGa
[16].
There are several studies of similar interfaces to the present
system on the basis of the ﬁrst-principles calculations. It is found
that the half metallicity, present in bulk, is lost for the (001) sys-
tems of Co2 MnGe/GaAs [17] and Co2 MnSn/InAs [18]. In the case ofnder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Fig. 1. Crystal structure of Heusler X2 YZ.
Table 1
Spin polarization, P (%) of Fe2CrSi/Fe2VZ system. The 2nd column shows P of Fe2CrSi
ﬁlm. See text for details.
Type Film Z ¼ Al Z ¼ Ga
(001) 38 93 90
(110) 82 96 96
(111) 92 97 96
S. Fujii / Computational Condensed Matter 5 (2015) 19e2320the (001) Co2 CrAl/InP system [19], the spin polarization (P)
recovered up to 74%. The most interesting case is the (001) systems
of (Mn2 TiGe or Mn2 VGa)/(Co2 TiGe or Co2 VGa), each of which is
made up from two half metallic Heusler compounds with an
opposite total magnetic moment each other. These systems have a
very high P(94%) [20]. These ﬁndings show that half metallicity
can be restored for a suitable chosen interface.Fig. 2. Schematic representation of (001), (110), and (111) systems. In the (001) or (111) case
the (110) case, the layers, “6” and “5” are interfaces of two ﬁlms, FCS and FVA, respectively. In
ﬁlm, the layer, “Si1” (“Al1”), is a central layer of FCS (FVA). In the (110) ﬁlm, the layer, “1”,2. Approach
The Heusler compound X2 YZ has a face-centered cubic (fcc)
structure with a 225th space group (L21 or Fm3m) [21] as shown in
Fig. 1. The three atoms X, Y, and Z occupy crystallographically
nonequivalent positions (x, x, x) as follows: X at 8c sites with
x¼ 0.25 and 0.75; Y at 4bwith x¼ 0.5; Z at 4awith x¼ 0 in units of
the lattice constant a, which is equal to the length of the side of the
cube of the conventional cell.
To simulate Fe2CrSi/Fe2VAl (or Fe2CrSi/Fe2VGa) interface, we
must pay attention to the following features of three types of ﬁlms
of Fe2CrSi. A (110) ﬁlm can be built up by superposing one type of
layer containing all of Si, Cr, and Fe atoms. However, (001) and (111)
ﬁlms can be built up by superposing two and three types of layers
as follows: One contains only Fe atoms and the other contains Si
and Cr atoms for a (001) ﬁlm; Each one containts only one kind of, the layer, “Fe4” or “Fe6”, is an interface of two ﬁlms, Fe2CrSi (FCS) and Fe2VAl (FVA). In
the (001) ﬁlm, the layer, “Si1 Cr1” (“Al1 V1”), is a central layer of FCS (FVA). In the (111)
is a central layer.
Fig. 3. Spin polarization (left) and magnetic monens (right) of constituent atoms in (001) Fe2CrSi ﬁlm (upper panel) and (001) Fe2CrSi/Fe2VAl system (lower panel). The central and
surface (or interface) layers are denoted by “1” and “8”.
Fig. 4. Spin polarization (left) and magnetic monens (right) of constituent atoms in (110) Fe2CrSi ﬁlm (upper panel) and (110) Fe2CrSi/Fe2VGa system (lower panel).The central and
surface (or interface) layers are denoted by “1” and “6”.
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Fig. 5. Partial DOSs of constituent atoms in (001) Fe2CrSi ﬁlm (left) and Fe2CrSi/Fe2VAl system (right). Solid and broken lines denote the up-spin and down-spin states, respectively.
The Fermi energy is E¼ 0. Si1 and Cr1 are on the central layer, and Fe4 is on the surface layer. (Refer to Fig. 2 for information on the atomic positions in the ﬁlm.)
Table 2
Density of states (DOS) at the Fermi energy per atom inside atomic spheres for ﬁlms.
The column under “up” (“dn”) shows the DOS of the up-spin (down-spin) state. The
column under “P” shows the spin polarization (%) estimated from those DOS. The
row (a) [(b)] shows the case including (excluding) the interface of the two ﬁlms. See
text for details.
Fe2CrSi/
Fe2Fe2VAl
(001) (110) (111)
up dn P up dn P up dn P
Fe2CrSi a 1.165 0.001 99.8 1.222 0.001 99.9 1.300 0.002 99.8
b 1.344 0.001 99.8 1.494 0.001 99.9 1.413 0.002 99.8
Fe2VAl a 0.040 0.037 0.027 0.023 0.044 0.019
b 0.046 0.043 0.035 0.030 0.048 0.021
Fe2CrSi/
Fe2VGa
(001) (110) (111)
up dn P up dn P up dn P
Fe2CrSi a 1.113 0.001 99.8 1.179 0.001 99.9 1.106 0.002 99.7
b 1.284 0.002 99.8 1.441 0.001 99.9 1.202 0.002 99.7
Fe2VGa a 0.073 0.058 0.034 0.022 0.039 0.022
b 0.084 0.067 0.044 0.028 0.042 0.024
S. Fujii / Computational Condensed Matter 5 (2015) 19e2322atom among Si, Cr, and Fe atoms for a (111) ﬁlm. The previous works
[8,9] shows that the (001) ﬁlm with a surface containing Fe atoms
has a bad spin polarization (P ¼ 38%) and that the similar (111) ﬁlm
has a slight lower P (92%) than other ﬁlms with a surface containing
Si or Cr atom. From these reasons, we consider an interface con-
taining Fe atoms in both directions of [001] and [111].
For the Fe2CrSi/Fe2VAl (or Fe2CrSi/Fe2VGa) interface, we
consider a supercell consisting of two ﬁlms as follows: 15 and 13
layers for a (001) system; 11 and 10 layers for (110); 23 and 25
layers for (111). The schematic representation of these systems and
interfaces is shown in Fig. 2. The details of (001), (110), and (111)
ﬁlms are explained in previous papers [8e10]. By the way, for the
above-mentioned interfaces, we used a¼ 5.617 Å, which gives a
minimum total energy in ferromagnetic Fe2CrSi and did not opti-
mize the equilibrium positions of the atoms.
First-principles total-energy calculations have been performed
by the full-potential linearized augmented plane wave (FLAPW)
method [22]. For the exchange-correlation energy or its corre-
sponding potential, we have used the generalized gradient
approximation (GGA) by Perdew et al. [23] The plane-wave cutoff is
RKmax ¼ 7.0, where R is the smallest atomic sphere radius and
Kmax is the magnitude of the largest K vector. For the atomic-
sphere radius, we used such values as 2.17 a.u. for Fe and Cr, and
2.04 a.u. for Si.
3. Results and discussion
In Table 1, we listed the spin polarization (P) estimated for three
types of Fe2CrSi/Fe2VZ (Z ¼ Al and Ga) systems, together with the P
previously estimated for each type of the Fe2CrSi ﬁlm. The table
shows that all systems have a high spin polarization (larger than
90%). Especially, the (001) system is most interesting because the
(001) ﬁlm with a surface consisting Fe atoms exhibits a low spin
polarization (38%) but the low value is improved up to 93% for
Z ¼ Al and 90% for Z ¼ Ga.
To probe the causes of the great improvement in the (001)
system, we estimated the P of each atom in the (001) ﬁlm, and
showed the results in Fig. 3, together with the magnetic moments
of each atom. We notice the following aspects, where the case of
Fe2CrSi/Fe2VAl is only shown. The values of P of the atoms in the
ﬁlm without an interface signiﬁcantly vary at the surface and its
succeeding two layers, that is, from a large and positive P to a
negative P, whereas those in the ﬁlm with an interface hold a
positive and high P. The magnetic moments of the Fe and Cr in the
ﬁlm without an interface signiﬁcantly vary at the surface and itssucceeding two layers, whereas those in the ﬁlm with an interface
hardly vary. For the (110) system, we can see the similar aspects to
the (001) one from Fig. 4, where the case of Fe2CrSi/Fe2VGa is only
shown.
From these aspects, it can be seen that a drastic change of the
electronic structures of atoms, which appears on the surface and
the subsurface, is suppressed for the (001) system. This fact results
in the great improvement of the P. This is also conﬁrmed by the
partial DOSs for atoms depicted in Fig. 5, where two cases of having
an interface and not are compared for Fe2CrSi/Fe2VAl.
To clarify characteristics of interfaces and ﬁlms, which build up
the Fe2CrSi/Fe2VAl or Fe2CrSi/Fe2VGa system, we estimated an
average (DOS) at the Fermi energy (EF) per atom inside atomic
spheres for these ﬁlms, and listed the results in Table 2. In this table,
we show the case including (case a) or excluding (case b) the
interface of the two ﬁlms. The (001), (110), and (111) interfaces are
schematically shown in Fig. 2.
This table shows that the down-spin DOS for Fe2CrSi is not
affected by the existence of an interface because there is no dif-
ference in its value between case a and case b. This indicates that
the interface also holds a high P. In fact, the P of Fe2CrSi estimated
from an average DOS is almost 100% irrespective of its interface is
including or not. The average DOS at EF of the Fe2VAl or Fe2VGa ﬁlm,
is not zero. Thus, each ﬁlm is not a perfect semiconductor but the
DOS is very much small (less than 0.08).
S. Fujii / Computational Condensed Matter 5 (2015) 19e23 234. Conclusions and summary
Although the Heusler compound Fe2CrSi is predicted to be a
half-metallic ferromagnet, the electronic structure of the ﬁlm is
sensitive to its surface. For example, in the case of the (001) ﬁlm,
the value of the spin polarizaion (P) varies from P¼ 100% to 38%,
depending on the surface. The low P is attributed to a drastic
change of the electronic structure of the atoms on a surface and a
subsurface, which is conﬁrmed, for example, by the fact that the
atom has an enhanced magnetic moment. The ﬁrst-principles cal-
culations for the Fe2CrSi/Fe2VZ (Z¼ Al and Ga) systems showed that
these systems hold a high P (larger than 90%) because the interface
suppresses a drastic and a harmful change of the electronic struc-
ture from bulk to ﬁlm.
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